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(57) Abstract 

A high-thermal-efficiency gas turbine and a combined power generation system where optimum materials are used for disc blades and 
nozzles from the first stage to the final stage which are especially important as a gas turbine for power generation where the temperature of 
the inlet of a turbine nozzle is 1200*1650 °C and also these materials are cooled optimally. The combined power generation system consists 
of a combination of: a high-efficiency gas turbine where the turbine blades, the nozzles, and the discs are cooled individually, as against the 
combustion gas temperature at the inlet of the turbine nozzle of 1200-1650 °C, and the blades and the nozzles are constituted of single 
crystal or columnar crystal NI group alloy and the discs are constituted of martensite steel; and a high-, medium-, and low- pressure 
integrated type steam turbine where the steam inlet temperature is 530 °C or over. 



|(57)5#*J 



*¥%m<DB#)te, Z-\±y J XJVAV PSS*U 200~1 650°C 

* t- A £ -5 £ t ic & -5 . 

#*8Wtt* # - fcT >y X;i/APM*'Xiag^ 1200-1 650^ 



AM T/U;* =.T FR 79>^ 

AT t-^H7 GA 3tf#> 

AU it—* h9VT GB 55® 

A 2 Ti*/W<-<v?.r> CD ^U^^ 

B A 3tfX— T • ^/pyasfK^ GE ftWT 

BB /</py<K* GH 3CT — ^~ 

II w^ST GM #>fT 

BF y/U*^* 7ry GN =¥-T 

bg -Jtv-fsyT gw ^-r • 

bj gr ^y->^ 

BR H R ^o7?-r 

BY — HU xs^Xf y — 

CA #-7*^ ID -O'K^v-T 

CF **T7y# IE 7^9>K 

CG 3^^— I L 

CH IN -<>K 

CI a-hi?#T-/* is 74*=7>Y 

CM IT ^^I>7 

CN «p| jp 0^: 

CU J^-'< KE ^=7 

CY *rB^ KG ****** 

cz ^r, 3 kp Atmm 

DE K-fy KR ES 

DK K2 #*P7**> 

EE h-T* LC t^h/u*>7 



LI \) 

LK *U • 7>* 

lr y-<yr 
ls uy h 

LT U hT-T 
LU 

LV 5h^7 

MC 

MD ^-/V K7> 
MG 

MK ^K=7Ba-^9!y-f7 

ml -^y 

MN ^e>-=f;w 

mr *-y^=r 

MW 
MX 
NE 
NL 
NO 

N2 sa-.^yK 
PL 

FT jK/UK^u 
RO A- — -7=7 
RU n «>T 
SD 

SE ^ 



S G /V 

SI ^a!/*^r 

SK **Vt*7 , 

S L *>3t9 • l"** 

SN ir**f/V 

S 2 X7i?5>K. 

TD ^-■r— K 

TG h-=*- 

TJ ^i***^ 
TM 

TR h/P3 

TT h y ■=■ ^ y K • M<rf 

UA !>^9>Tt 

UG 

us *@ 

uz fr;*-****^ 

VN 

yu a.— rf— *?trr 

2 a mryyAxtm 

ZW i?>/<yx 



( 



WO 99/31365 



1 



PCT/JP97/04609 



m m m 

*-tr>At> Plt^ 1 2 0 0 TCJK J: 

- If > K^i^^fAfCitS. 

»)5!¥S?ft6^ 2f*$B£& 1 2 0 OlC^e. 1 6 5 OTJCiStf)* JEffig 
Jt&'l 5#iS4-pi««)Sit{:j; 1 2 0 0°CJ^T<£>:ff;*3z-tf 

12 M£ L < *-^rt>f hill* 4 0 0~4 5 0°C#ifiC>Di^ 

MMmm*>1r'&T*&2>o VJH/t-WJ V M £ UT4#5§Bg63 -60262 

4# §8 ¥5 -263657 -5§-^3f^ £ tlT V>£ , L^U, £ ft 6 0 fl- 

«4oo~5o oic-e^r ufcigw* u -:7«w§fcgtt»e>n?\ # - 



WO 99/31365 



2 



PCT/JP97/04609 



j& i* £ #§ m ffi # * # - if > r zf * n t m ^ # - tr y £ © & # * © 3 > 
jE*g«fc, d«-t:>f^7^cBtsnfe3« 

3 «£l_L-®* - If >y yOP£ ^iAfcSii^J^^ - fcf 

atfiB^ - tr >^-f x# <e> Miff atria* -tf ^izm-oxftm-r 
&&$LftiM%kmzGiss mz& - if z/Ti^b \% t ;i/5=->-9->r hS8<fc y 

je*-L©*-tr:/:7i/- Kt> tufa* -tr> k«c*mc UTifctt 

3 ®JBU:0>* -If >y &i^.fc38tl^3! - If >Cfc^T, 

Btteat - if £t«fB# - If Kfc«y*& 

i^iz J: ftm? Z&M^ftMZkffiltm I, , busB* - If >^-r 



( 



WO 99/31365 



3 



PCT/JP97/04609 



##Ktd\ ffii&lSI&i:, ii^tv 5 - tf>5^ * # iC0££*i£; 3 Wi 
£X±(D Z - ¥ yzf U - F t , SofB # - > U - K fC *f/S L T Ktt 6 n 

lot^ - tr>; jjxAntg^ i 2oo~i65 orr**u, 

tufa* - tr>5=w x#«v;i/-x->l^ hiJ:»J;5:S3i:^#^i:t 

•So 

&mmt^ mmmt, ^-tr>^^x^c@^$nfc3© 
-tr>^ x;i/a(7)^xapis^ 1 200-1 65 orr-fe^ 

&£P3m&*U, tufa* - tf ^^-f 7^(J7;i/f>t^f h»J:y;&^i 

mmv>%mmi3*z-¥y\*, ai^®^ - tr y j xjvcd^^xu 

mm-tfl 200°C-1 29 5 t C{C*fU mfi&CD # - k?>^ X^ffiV^ 
t- y it N £P9 li , C0.0 5 — 0.2 0 %, Si 0.1 5% T , 

Mnl.0% Ni 0.50-3.0%, C r 8 . 0 - 1 3 . 0 % , 

Mo 1.0 — 4.0%, V 0 . 1 0 — 0.40 %RtfN 0.0 2 5 —0. 125% 



WO 99/31365 



4 



PCT/JP97/04609 



mjj&Otf^APM^tf, 1 3 0 0"C- 1 3 9 5 "CIC^U, m&<D2 - 
fcf >-r-f ^^^Vv'I/t 1 ^^^ h$ftt, MMT*. CO. 0 5 — 0.2 0 %, 
S i 0, 1 5 %JWT, Mn 1 . 0 %£*T, Ni 0.50-3.0%, C r 
8.0—13.0%, Mo 1.0 — 4.0%, VO. 10 — 0.4 0%, Nb 
0.01—0.20 %&t>*N 0.0 2 5 — 0.1 2 5 % fc^f 6 £ t 

mftOiSxAnUmtf. 1 4 0 0°C— 1 6 5 0 °C £ # U , B&iiEtf)* - 

e -^ju^yv^ hmiz. mmz», co. 05 — 0.20%, 

S i 0.1 5%fi*T, Mn 0. 2 0%J^f, N i 0. 5-3. 0%, ffib 

0.50 — 2.50%, C r 8 . 0 - 1 3 . 0 % , Sil<ttl0.5 
— 12.5% , Mo 1.0 — 4.0%, *J£U<iil.7~ 2.1%, V 
0.10 — 0.40%, £P £ U < {£ 0.1 5 — 0.25%, NbO.Ol — 
0.20%, ffiKtt 0.06 — 0.12%, NO. 025 — 0.1 2 5 
%, ffSL<iiO. 0 2 5 ~O.O70 %&t>*C o 1.0 — 5.0 

-em 5 o o°c£T*_fc#?.L, ^*uc-h#iiif*.£ 2©;k;tj ? 3®: 
str fa wi/^^^-r hMte^-ftunm&oiibmzttLT*) wo. 2—2.0% 

&t>*B 0.0 0 05-0.0 1 0 %£> 1 aJW±$:#t/C £ £ LO, Zl 

* > h, n>^L/>y-9-7.^>y^> K tf>4> & < £ % 1 o ic 

tuj£<7> yy-J ftCD&tf)^ (Mn/Ni) it £ 



WO 99/31365 



5 



PCT/JP97/04609 



0.11 UTiZ-tZZ btf&t. L^ 0 SukEcDM n + N i + Coi^2.0 
~7. 0%#?$J£O<, Mo + 0. 5WU1. 0-2. O%#0£UV>. 
C r + 6 S i+4Mo+1.5W+l lV+5Nb-4, 0C-30N- 
2Mn-4Ni-2Co T'&tbbtlZC r 8 JKTjMJ* UV> 0 ^ 

^llfclt, P 0.0 3 0 %J^T, S 0 . 0 1 0 %JB*T, H 0.0 0 3 0 

**8 8!H\ its Si ft -5 ±ot«ft«*i4^ii ~tr yt, 

&#X*-\Z><D&iJX(D^*JV#-K&vT7km&* ft &&&&&& 

mm-r&^yAj y K28«s/x^ a feasor, mmx** - tr xituiB 

M^tf, ( 5 1 5 °C, 1 2 0 0TC) f B& (538*0, 1200 

1C) , ( 5 9 3°C, 1 6 5 Ot) S.t>*D^C( 5 5 7t, 1 6 5 Ot) 

<n&&*m&i&mftT»& y > tiraB3tf^:^-tr>ttjBEi8*i:, 

* -kT^-?^ X^lCH^Sftfc 3«J0LL©*-fcf:/:?t/- Ki:, tufa* 

-xyjxjvRxf®&tn2m$-vy'7u- FZmtummmizx-oz 

*»xttH«c «kor?&39-r*ii«^3ai*«E&^r g 2©&tfjg 3@ 
^ -My j x;i/S^{c«toTMts^?&^iK*ftsifcsi i l 



( 



WO 99/31365 PCT/JP97/04609 

6 

*f*8i:, lift, # ^^CS^^tvfc 3 mx±.v>% -\£y 

(-f XHI^iSc (rpm ) #1 20000 J^Ji&tfVJl/^V it <Y hiP!J:y& 

•SCI <h#*?£ 

&< t IS^(Z)^^APSg^ 1 4 0 0- 1 6 5 OICC^U, 

l^l.Xttitu^tfmgtf 1 3 0 0-139 5<C{C*f L&ftUN i 

* y te&zktft&t. L^o 
mmi5x&-\iy\z, mi&<z>m.m i 4 o o~ i 6 5 o°cc*fu, m 2 

SuiB:*J*# - fcT>«:, buj&OMS 1 4 0 0- 1 6 5 0°CJC*fU, ?0© 

i s-a-^ j: y&y, w~2&RtfM3®$-¥y ; zjbtemm&N i 
(A) - \±y 

Xftmiz&^Tit. t^ft-vy^^ xv K^juryy-j bm 
tfm^bti. 4 x*y y\l-x, % - tf yx*-v, mm&^y'J' 



WO 99/31365 



7 



PCT/JP97/04609 



\,*TWLm*Z>. C&iHt^l3g3&£ kMt)Zn2>f=.lblz 0. 0 5 % J£*±# 

&lZ&mmffi&*$:%lZ& y % 10'h ^ U-^?!S®f5i^^<ST^-ar-5 
CO-e, 0.20% J^TJ^^f £ U^o 0. 0 7 ~ 0 . 1 5 %7W£ lH„ 

0.10-0.14%A«»iU\. 

#-Sc^)^*ntt^^S.^®tt$:iST J7i7^ h £ © M B fc & £ 

co-eo. 5 %_ jkt##* li^. *-tf>M&m>mm&xf3Li/#-h 
ux^trmmmtezizxtu-is % mm<n&m&&<* s i fcs&iu#j:no 
fife-fb<z)^*^ o. 2 % jsit^s* u < x s i mmna^a o. o 5 

Mn«MC £Z>Mlt*femZ-& Z>Ws 0.6% JKT#«P* U ^. 
#lc, MniifSHmmt ltti«:©T», >!jna&flMt£££&trN £3 {co. 05 
— 0.4% WSb^. JJtv 0. 0 5~0. 2 5 %#&*>*?•£ U^o £ 
BfcftRSitCO^tb S i + Mn4£ 0.3% T JC f & * U^o 

C r 1 3 %J^±»J0"rs £ «7i5 

C r ti 8 ~ 1 3 U^o #c§i^cD^^e> 10.5 

~ 1 2.5% #0* L^ 0 

tfJBUuWJ* L^#, 4.0% JS*_LC&£ 5 y hMSlci: 



WO 99/31365 



8 



PCT/JP97/04609 



&<DT* 1.0 — 4.0 U ^„ #{C 1.8 — 2. 5.%tf»* UO = 35 

tC, MoliN ii*«2. 1 % ZMZ-ZS^Mnt £M o 

U »J > #CMo 2.0% JKJ:"^©2»*AT 

V0.1%J£Ui, N b 0. 0 1 %J^-t*>t#£ L< , V0.4 

%, NbO.2% £l±T*i*8 7x54 b±f&<Dmm£&z>kmizt u- 

#<£T*r*« fa & 33* U U < !|CVO. 1 5 - 

0.25%, N b 0 . 0 4 — 0 . 1 0 % t)W * U ^ . Nb(Dftt>Uf:Ta 

0. 5 % J£*_L##* L < . 3 %£X±T~l±m&mV U - 
^Waftg&teTS-eS©-*?*?* L < #fC 2 . 0- 3 . 0 

U^o <fctJjf*Ktt2.5% 5SASit^§„ 

3tte>07C^COiajC«?g^tC*BIISII5II^^«. y , Mn/N i (BJfctfO.llJg* 

Tic-r^c: t ic j: y **>«>-c0*{c*n^a)i<t^i»jhs^, #ic, o.ioj^ 
t##*u<> o. o 4-o. i omiz 

5©T\ 0. 0 2 5 %H±Wil<> 0 . 1 2 5 % £ «gf££<g; 

m#>Z><Dtftt£ U<, 1.0 — 5. 0 %#3r £-l± L^„ 

wttM o fc^atcaa-ffctc t*. 0.2-2.0 t 

BtiSfiYbtC0*«JS6*%^U, 0. 0 0 0 5-0. 0 1 %#*? 



WO 99/31365 



9 



PCT/JP97/04609 



£ UVn„ A 1 0. 3 %$KT, T i 0 . 5 %J£*T, Z r 0 . 1 % Sky f H f 
0. 1 %J£*T, C a 0. 0 1 %J£4T, Mg 0. 0 1 %&T, Y 0. 0 1 %J£* 
T, #±S0.0 1%«T, C u 0. 5%J^TltW£-t££z:*:KJ; UiSS. 

* fa_h £ -a- & s t ^ . 
^cii, 9 o o°c, i i 5 ortc^-auKkU v;i/^>-b--r 

6 0 0 o C£>M£&Cj!jni&«j$U (0 1 TOD , *^f 5 5 0-6 5 0 
A ft C J:oTf?.^©jV#* Lv^ m 1 ftMMLtt-£c7)i&g£ u 

<Z)_LSfcW£fi£"e, CO. 15 — 0.30%, Si0.5%PiT, Mn0.6 
%JS*T, Crl-2%, N i 2 . 0 — 4 . 0 %, Mo0.5 - 1 %, V 
0.0 5-0.2 o/o&tfgSgPtfUKlfttC FefrftftU, M<3D§I§R§I^: = 
8 0 kg/mm' £k±\ &M<DV J V i/ -V )\s hf - flr¥tt# 2 0kg- m/cm 2 
£*_h£>N i -C r -Mo - VMtfjgn&il, tf»'C?WA^^)&< 
l£ C 0. 2 — 0. 4 %, SiO.l— 0.5%, Mn0.5 

— 1.5%, Cr0.5— 1.5%, Ni 0.5 %J^T, Mo 1.0 — 2.0 
%, V0. 1-0. 3 %&tf?£$P##l«#)fC F erf^&U, ^Mc7)5l3g5fi 



WO 99/31365 PCT/JP97/04609 

1 0 

2**8 0 kg/mm 2 £*_h, 8 %JB*±, jRU*5 0%^ft5 

C r -M o - V M& &o 

nyzfVvVrT.*-? httfiifC 0.15 — 0.3%, Si 0.5 

%JKT, Mn 0. 6%'JWF, Ni 2-4%, Crl — 2%, Mo 0. 5 — 
1 %, V 0. 0 5 — 0. 2%&^t?N i - C r-Mo - VIB&tf # - tT > 
TV h ttlit' CO. 2-0.4%, Si 0 . 1-0.5%, M n 
0.5—1.5%, Cr0.5— 1.5%, Ni 0.5% J^T, Mol — 2 
%, VO. 1 — 0.3%4^Cr-Mo-Vi*ffl^6lfc^**. 

«d 1 2«B *T*&|&JB0)N i -C r - Mo - VIM, 1 3g|^e.l6S 
@ £C r - Mo -VlS&tf l 7iB ^mm<D^JV^yV^ MC^oT 

n>^U^-9-CD^ , l/-FS.t;>' 0.05-0.2%, Si 0.5 

%JBtT, Mn 1 %J£HT, C r 1 0 — 1 3 %X«3*UCM o 0 . 5 % J^T 
AtJf, N i 0 . 5 % #T£#»* aSP^F e **e>36s*v;i/T->-9->f MS 

9^7 K®«J©«P^Ciim*"?, CO. 0 5-0. 2%, S i 2%JKT, 
Mn 2 %£IT, Crl7~27%, Co5 %J^T, M o 5 — 1 5 %, 
Fe 10-3 0%, W5%JKT, BO. 0 2% JgtT&tf &SB#HK«|K: 

n i *»e>ft<5i»3tt-&**tffi^e>n, momftizizmmT*. co.3- 



WO 99/31365 PCT/JP97/04609 

1 1 

0.6%, S i 2 %£*T, Mn 2 %£*T, C r 2 0 - 2 7 %, N i 2 0 
-3 0%JWT, Nb 0. 1 -0. 5%, T i 0. 1-0. 5%^^^lfP^II 

* - tr > x;i/ & wfe~? & #4 ^ ^ a tc tt*o« # - tf >tu##a* 

•e, CO. 05% JSAT, Si 1 %J£*T, Mn 2 %£*T, Cr 16-22 
%, N i 8 - 1 5 %Atf3»»3^*KWK: F e#&&y, BcD^-l^>^ 

cd 2mmmfr*>& y> ^tams-ec 0.05-0.2%, s i 2 %j^t, 

M n 2 % T , Cr20— 25%, Co0.5 — 5%, Mo5 — 15%, 
F e 1 0-3 0 %, W5 %J^T, B 0 . 0 2 % # T&tf JBSPtfglKfttC 

#-fcf yfu- J X;i/APlgT«, 1200- 

1 2 9 5 °CfC>tf CO. 0.7 — 0. 2 5%, S i 1 %J^T, 

M n 1 %J£*T, C r 1 2 — 2 0%, C o 5 — 15%, Mo 1.0 — 5 . 0 
% , W 1 . 0 — 5.0%, BO. 005-0. 03 %, Ti 2.0 — 7.0%, 
A 1 3 . 0 — 7 . 0 % t , N b 1 . 5 % J£*T, ZrO. 0 1- 0.5%, 

h f 0. 0 1 ~o. 5 %, v 0. 0 1 - 0. 5%<© 1 mu±t, mffitfnm 
tz&mmm&&tfm^%n. &-\zyj x;wcfctms^ co.20 - 

0.6 0%, Si 2%J^T, Mn 2 %J^T, Cr25-35 %, Ni 5 
-15%, W3-10%, B 0. 0 0 3 -0. 0 3 %&Tf&BtfmMtoK 



WO 99/31365 PCT/JP97/04609 

1 2 

Co*?»ftU, X « H ■£ T i 0. 1 ~ 0 . 3 % , Nb 0.1—0. 5 

Z r 0. 1 ~ 0 . 3 %CD*i»& < t 1 ^-^^^^ htBXHJtC 

o^Att^rtL^»#^asnfe«i^^a^Ji5'sh; str 5^ <?d *rf m ^ & 

iCAl, C rXttA 1 + C rtt«3-f>f >^Stt:i:^tS. 3 
><7«(7)ff$(i 3 0- 1 5 0 fimT* % JSxizm-t 5ISPCilt5 

3§«M:ff*# - tr>tt i 3 o o°cmfr*>ikmtt<D i 5 0 o°c 

7 0 OTJJKiij^&SEtC 9 0 0 < CJ£*_UZ&£fc#K *> 0>©W/Bfi 

Si* 1 0 B &|I0 1 4 kgf /mm 1 7? tf) * ^bfiSJ: y 2 OXl&>±m^ ! b<D 

0 2®jem<&:7U- K(i«u® J: y =b»§2s-f £ 
5 0°C- 1 0 0T3fi<&4^ M$£i&& 1 3 0 0 TC»(Z> * - fcT> £: 
tt^ *;i/S£tt»< * U, UT 1 0 B B#^ 1 4kgf 

/mm' t'6 0 0 tJ £/t_t £ H K 8 0 0 1CJ&l_h0>»jaffi&#&®T*&S. 

ii**xin 3 o oTca*>e> i 5 o ov.mv>i3xz - tr 

^HB^ £#H: LT *> 1 0 B B#W 6 kgf/mm* JC felt 5 BJB 1$^ 7 0 0 



WO 99/31365 PCT/JP97/04609 

1 3 

U& 1 3 0 0°CM<DJ$XZ - tfts<2> t*(D* *;i/ffi£tti«< & U 
1 O s B#rai 4kgf/mm 2 iSJ8iBflf#6 0 0 0 CJ^_tfr £ I!: 8 0 0°C(Dtf 

#3§9Iki\ - fcTW X;i/APT'©^ilS^ 1 4 0 0 — 1650°C, 

Kttl 5 0 0~ 1 6 5 0°ClzM {,Tmm®&* ~ ¥y~7V- FR 

j xjuiz&i&zi-Tj ysfrnztctzzt, % LTtufa^^^N i m& 

^teMMT*. Cr6-8%, Mo0.5 — 1 % , W6-8% R e 1 — 
4%, A14~6%, Ta6 — 9%, C o 0 . 5 — 1 0 %RXfH f 0. 03 

-0.13% ^^ttsNis^fe^it, itufBm^iiiN i 
^A^t^^c^ti^. mm&umt LX 1 4 0 0 

- 1 4 9 5°C{C^L/T15[)^^^>- K#.tf#Jl3:>> XJV, Xit 1 5 0 0°C£A 
JiKlJifg 2 ©2 K{ClSt\ C r 5 - 1 8 %, M o 0. 3 

— 5 %, W 2 ~ 1 0 %, A 1 2 . 5 — 6 %, Ti 0.5 — 5%, CO. 05 — 
0.2 1% RZfB 0. 005-0. 025 % & *T <£> ttttH. N i 
r*fe§;^, HK, £*UCT a 1 - 4 %, C o 1 0 %&T, H f 0.03- 
0.2%, z'rO.OO 1—0.05%, Re 0.1 — 5 %R TfN b 0 . 1 
-3 %CD'>&< 1 Sfc £^^£-;fr|Bj^lilttttiIIN i 

£0^ o #tc, m2&-7U- K<7)flfe^3©^^tt4@^U- KfCfcEl^ 

fuf2|g2©&t>*!£3|g#-hr>y XjUtiS*^ C r 2 1-2 4%, 
Co 18 — 23%, CO. 05 — 0.20%, Wl— 8%, All ~ 2%, 
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1 4 

T i 2~3 %, T a 0. 5~ 1 . 5 %RXfB 0.05-0.1 5 
^A»J Pfll% 1 4 5 0- 1 5 5 O'CtCf * i ttf-oimt &-5o * 

^ ttzx y - kr>co^i«^^^ 3 7 %j^_ttc-r ^ tf-es*. 

tf>»^XMS=& 5 9 0°C~6 5 CCfcf^t H^,^ - tT> 
^«i>^T"A{C Lfc»"£<0*8#35*3»*# 5 0 %J^_fc, Ktt55 

* -tr>Ay na^ i 5 o o°c~ 1 6 5 o'cht^uhv 

•(B) ifg<gffi-#M5C*-tf>fCO^T 
( 1 ) 

'#$8B(C«£ftX**M\ 8~13li%^D-A^tf7Jl/f>t-f 
N^*^>UXI8*^ 3 0^ >^^_h, U < fc*4 0 

>f >^J^_h, J:U»*b<tt4 3-f £> CO * 50f^f 

ig^e>j&-& 3 0 >f y^&±, ft* u < & 3 3 -f >^JW_t, «ty»*u< 

Ii3 5-f >^&Ji<7)fctf>£ 60t^f #;U381tffii«iKffiXfctiSS*fl£ff--# 



( 
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1 5 

ii^i/fy^fM^T^^lii, MSit-^, co.0 8- 

0.18%, S i 0 .2 5 %J£*T, Mnl.00 %J^T, C r 8 . 0-13. 0 
%, N i 1 . 5 ~ 3 %, »•* U < tt 2 . 1 3 %J£*T, Mo 1 . 5 ~ 

3.0% , V 0. 0 5 ~ 0 . 3 5 %, N b&tfT a (?) 1 «3U2 2 UCD^m 
0. 0 2 — 0.20%, &r>*N 0. 0 2 ~ 0. 1 0 % fc-^lT -5 <7)tf 

jS£#28l5m, M*JtT»> C0.18~0.28%, S i 0. 1 %&T, 
M n 0 . 1 ~ 0 . 3 % , Crl.5~2.5%, Ni 1 . 5 ~ 2 . 5 % , Mo 
1 ~ 2 %&ZfV 0.1~0.35*4*U ASffigPtf) 5 3 8 °C • 10'h 

¥?!&t;^:fc? u - -fmmmmtf 1 3kg/mra* jbui, ^mm<DB\mm^ 

#8 4kg/mm* J^_h, fig® S^M^tf 3 5 °C T*& -5 ^JV^ y V 4 V MM 
1&M-frib&Z>U-Z is-vy hJC»'9l36SftS 1 2 0 kg/mm 1 J^_h(3D guig^) 

itfRit^nrivsc/jtffio^. MW&KDS^tit, 33.5" , 

4 0", 46.5" ^© ; fe)C7)$:^^^>c:i:^7?#^) 0 >R£ifc 
itttl-e, C 0. 5 ~ 1 . 5 %, S i 1 . 0 %J£*T, Mn 1 . 0 %J^T, 
Cr25~30%,W2.5~6. 0 % £ ^tf C o £ % V* £ Z t 



( 
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&MU(D^\mm^it 1 2 0 kg/mm 2 &_h, ^*U<«1 2 8kgf/mm 2 
J£*_fc, J: U0* U < « 1 2 8 . 5kgf/mm 2 «±T'*5. JfcWK80 
kg/mm 2 &i:, U < it 8 8kg/mm 2 £JlJi-e&5> 0 #tf*Ji*3:fr|Sj 

1 0%JW±, ^TJIbJ 5 %£*_h, ««8!««3.4 5kgf-m£L_t#0;£ U<^ 0 

it, • mmmz, i o o o°c~ i i o ox: u&iz l < « i o o o 

~ 1 O 7 0°C) Kli0.5 - 3 B# £ T*^?&*r 

£ (4#lC»$&An##£ j^A^^tf &JC % 550 — 620 °C 

Z~mmL, ftlZ 5 5 0°C~ 5 7 CCT'SJ U < « 1 ~6 

^M£i?#£P-r & i u t > 5 6 ot;~5 9 oicr^* u< « i ~ 
6 mammuw^^u^x^m-r & 2 *iib02 mj^_h<z)MMb^^ 
i^i^tis^^sb^o 2^^Mtms(i 1 Kmrn^um.*. uk< 

-r&tf)jW£ L < x ftlZ 1 0~ 3 0*Ci«< t5 0)t)^l U < . J: »J 1 5 
~ 2 0°C«< ?&(Dtft3-£. 

*S§l8C&£<£I£#~lf >a^ft£PS2fi9 1 4mm (3 6" ) J^Jh, 
0;£U<fi9 6 5mm(3 8" )£l±lCbfc6 0 V J ? Jls&mm<D 3 6 0 0 
rpm - tf V&tf&jE* - If 1 0 4 1 mm ( 4 1 * ) 

£k±, jf*L/<iil 0 9 2im (43' ) ^_L, iUfftKttl 168 
mm (4 6" ) £t±{C Ufc 5 O^^ ?;i/38mM<D 3 0 0 0 r p mH^2 - 
tf>CU (MSPSS X|§Ug» (rpm)] M£ 125000J^±, » 
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1 7 

tC> ft:£tf)3-7Gi!t£>#%* : &M*%£ LTff J££*l&C r 4 — 

1 0Ci&#IH3S-r uo„ 

CrSl=Cr.+ 6 S i+4Mo+1.5W+l lV+5Nb-4 OC 
-3 ON-3 0B-2Mn-4Ni-2Co+2.5Ta 
Ci*m^3\&mZ £#£fc#>fc 0. 0 8 % £Ui* itt^fiT^t^o 
«j;e){C 0. 2% J£*T2W£ UO„ 0.10-0.1 8%tf&£ 1>H. 

«fc U , 0.1 2-0.1 6% £ U V> . 

-e&y, '>it«tM3(i^§. s i its y jl^j h^^Tc^-e^y, # 

\Zt£Z>v>-£s 0.2 5% JS*T##£U^o *-;K>K£fl&g&?g;.&. 

v ux^7mMm&i£tz£fttfs i m;&n<z)i&g#f&< . s i 

^*D7b«J:VVo *Hc, 0.10%J^T^ <fc y 0. 0 7 %JKT^«F* t^. 

0.9% J^TcDMn^*0«^14$r|Ri_h$-{t #{c, MnMtii: 
LT^^^CD-e, «gttfRlJi^^^Jb 0.6% J^Tx ill 0. 1-0.5%, 
Ml %) 0 . 2-0.4% tl/^. 

C r ItM-k&t^mMZ Zm&Z tf. 1 3 %£X±W>to-tZ> t 8 7*? 

#&CDTn C r tt 8 — 1 3 %t>mt L^o #tC^^©^^»o 10.5- 

i 2.5%^ iui i-i 2 %mm u 

m o « @ ^ 5i it r xf ft m m it ft m iz «fc o t 51 38 m £ & n * 5 3a * # & 
& « Mo ttgissafisiRi-hSft^^^+^-e*.*; 3 %jet±tc*s t ni7 

-f h±J*M®CJfc-50T* 1.5-3. 0 «f(C, 1 . 8 -2.7 

% , <fc y 2 . 0 - 2 . 5 % * u ^ . & *>\ w& # co^MotiCi • 
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^fe^o VO.05%, N b 0. 0 2%J^TT*IU0^f W + ^T^U, 
VO.40%, Nb0.2 %JBl±"e«5 7i7>f N £ Jjft CD M III b.?£& a 4# 
CVtt0.20~0.36%, J: U 0.2 5 — 0.3 1%, N b « 0 . 0 4 
-0.16% x «fcy 0.06 — 0.14% 1)W £. L V* o NbOftfcUt 

N i fct 2 -3 %T«&Um®LZm#)Z>k$kiZ. S7i7>f N£/&C0R£it 
3&:Ht:#&£o 4#tC* 2 . 3 — 2 . 9 U^. J:y#*U<tt2.-4 

- 2 . 8 % & -5 o 

NttO. 0 2-0. 1 %T»ffl&, 3\m&Z<Dfa±RZf 5 7i7>f N(7)± 
JfcfiJ&Jktca&^tf&S. 0.0 4 - 0.0 8 %, «fc y 0 . 0 4 5 — 

0.08% comm-e&titcLm&tfnibti&o 

y , i*Mt^^i:^i*b^. <BtIWttffl-h<B&^«D S i 
0. 1 %J£AT, P 0. 0 1 5 %J£AT. S 0. 0 1 5 % JBlT^ff* 4# 
&C, S 1 0. 0 5 %£*T, P 0 . 0 1 o %ur, S 0. 0 1 o % 
*UV>. Sb, S nRXf A s CDigfcSfc, &U® HZ Sb V , 

mj3{&m?2>z\ktfM&L^tf, mvtmm&mu^ju sb 

0.001 5 %&>T, S n 0 . 0 1 %J£*T, RtfA s 0. 0 2 %. J^TCRR 
5t U£c Sb0.0 0 1%JKT, Sn0.005 %RZ$A s 0.01% 

$^.C, *»9!tcfe^Ttt» Mn/N i Jtfc 0. 1 1 JB*T*C"r*0># 



WO 99/31365 
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1 9 

urn, i o o o°c mm i i o cctcja-apa&u* (»* u 

< , ftl^-e 5 5 0- 5 7 0°CCDMS(C^P^^^ • ?&£Pb (fg 1 

, 5 6 0- 6 8 o°c<DU&izMm&&Ln 2 Kmm 0 
ctto. i 5~o.4 %-e«Att*iRi±uwttfcafiaf&a[«-r *©t=i» 

HJ&tojR^**. WtCCttO. 2 0-0. 2 8*0)16 IB U^. 

& n - * *t»J8 rT IB « M^ffl tc J: * ffiHb <D&fr*o. 
S i SlfMn ii&B Ct^tT*. f^l-filO. 1 %RXf 0. 5 %J^T 
AUOo S i 0. 0 5 % Mn 0. 0 5 — 0 . 2 5 %, «fc »J lu# 

#0. 0 1 %JBHT, &##0. 2 0 %JS*T*W£ U^c 

S'MCMnijDit a&iwinitt&jBK s m<t 

i*. u^u gsiH_ts "e%tu*Mn(Dmiiait®&, mum&z 

0.0 1-0.2 

n i i . 5 - 2. 7 %^Ai4£i«j.i:3-tf-> ^ u - zrm.mm.mjk &m 

tt&lRjJiS-frS. ftiZ 1 . 6 - 2 . 0 y 1 . 7 — 1 . 9 %<0«5ffltf#* 
UV*. 35 C NilttCrIJ:y 0.20% * i* < Xfct C r * «fc y 

0.30% aTct< -rsisigp^-rs;! fcfc «k vm^mummtm®. 
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2 0 

C r tt-l .5-2.5 %T*#eAf!i:£lRl±£-fr, Wtt&tf # U - :/$egJr5& 
2.3,%, J:U1.9~2.HWtb^ t 

1.0—1.5%, <fc U 1 . 1 - 1 . 3 %#*?£ UV*. 

vti, o.i 5~o.35 Lmm*pizi&&nmzwLmm<tvoz 
mmis-&. mm.mmRzfW}&m±m%:tf&&o #co. 2 0 — 0. 3 0%, 

«£ y 0. 2 5 *MX 0.30 %JS*T©«H##£ U^o 

z rRxfA 1 o^-rn^^^An-r^^ j: ywtttffij-fc-rs. 

TCiiJi 0. 0 5 — 0 . 4 %, Ca& 0.0005 — 0.0 1 %, Zr 120.01 
-0.2%, A1& 0.00 1-0.02 % tf& tU^. 

2 5p P m CDlSffltcflafflfSiiiK: J: U> J;^t^ U-^liig^f 
N bRXfT &<D'J>&< i:till& 0. 005 — 0.1 5 % & 2JU f -5 (7) # 

M^tfetlf, 0. 1 5 % &iiStl^$-^>it3-^i/-v 

fete**©-** O.OOS^.0.15*kt6. #C 0.01-0.05 %** 
Wtt3fi^$ri^to^>fc«?> 0. 1 %&>±MZ.Z<Dtfft£ b^tf, 1.0%$: 

O. 1-1.0 % k-t&totfl&t. U^o if * U< &0. 1 — 0. 5 %-?fc§ 0 



( 
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2 1 

Mn/N i JfcXtt (Si+Mn) /Ni J*{i=g-* 0.13Xtt0.18 

j£tT##* <fc y , Niia^^^r-r-sN i - c r - 

M o - vfi#^«tcfe^«>i«i»llftib&«*K:i»jh-es, 'ftteJBEXttft* 
ftff-#S!o-# h fc uraff-e* s, (Ni/Mo) it 

#1.2 5J^±^.t; (C r /Mo ) Jfc#l . 1 JKJi, XI* (C r /Mo ) 
JtjbU . 4 5 a±Rtf (C r/M o) ttifi (-1.1 1 X (Ni /M o ) 
+ 2.7 8)CJ:oT^&^n^^i^Ji^t-§z:i:{Cck y±#%RC*ff 
T«lt5ifcCiy 5 3 81C, 10' W^U--/iiMU2 
kg/mm 1 JW_ttf)i«^3ftg##£:iX&„ 

Nii^C rgCMLT^cDfSB^M£-tf 6££{C £ U ift 
KMZ'J: U ft§H&T% teJEMT-J: y Wtt(Bftv*gft& & fcfctf) 

#3&9ni, ftteEEXtift^flSBE-ttSIIlK** - tf>j§n-* i/*y h 
t It, ^OftJEttXttft^JEEW© 5 3 8°C, 10 s h tf*2J* # 

u-^a[W3ftS*n 3k g /mm i &±, &&mxi**i&&ma5\&%i-ztf 

8 4kg/mm* J^_fc r f&ffi&^S^tf 3 5 °CJ^T 1 1 L V*. 3 

6 5 OTC-7 1 0°C^7 0 IWJSUiflfc*?©^- 9 >f h & M**<DHW 

n-5i bOiSJESPXttft^EESP : ft ^ ftM&& & . 

OlAll : 9 3 0- 9 7 O'CJCM • 
OlHb : 5 7 0~6 7 OTCCtti-^^t^ 

( 2 Uli&M l/tf*?* b < , e> *> 1 ®\Z 6 5 0~6 7 OTCfciD 
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2 2 

ho 

omxn : 8 8 o - 9 i o°c\zmm • 

OffiM is : 5 7 0-6 4 0°CfC;&Df& • «JS&## 

(2iiSL/MJU<> 1 lal&6 1 5 - 6 3 5 °CKflD 

BP*., *^l^iii^ffi«3 ffi!l«fc UB^lAfi^iAiit5 3 i: iz 
J:Uiffffilt*tt5 5 Ot!, 3 Okg/M* 1? 1 8 0 h r $X±(DV V - ^iS 
mt&mtf&bti£ <fce>C<SJEEffiS<fc >JRIB9IK%K< U 

it, 4#ic 5 o it-r #;i/3s*{c** ur «4 o -r >^_h*? 
m&m-Ju- Fiz®&y.ttwm~ 3 mzm&x*. c o. 2- o. 3 %, 

S i 0.5%KT, Mnl%J^T, C r 1 0 — 1 3 % , N i 0 . 5 % JBIT, 4 
Mo 0.5— 1.5%, WO. 5—1. 5%, V 0 . 15-0.3 5 % £ 

ff?, C 0 . 0 5 - 0 . 1 5 %, S i 0. 5 % J£AT, Mn 1 %JBHT» # 
l£ U < 0 . 2 — 1 . 0 % , C r 1 0 - 1 3 % , N i 0.5% Mo 
0. 5 %J^T£-^tf-7;i/5 L >"t>--f MRtf&$ U^o 



( 
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2 3 

*mWiZtel-t&Bmi*MMX~, CO.0 5-0.15%, Si 0.5% 
Mn0.2 ~l%,CrlO— 13%, NiO.5% Mo 

0.5% ar^^vmm L±^ju^y^^( hffifr*>&z> 

*&®izteVrZ>>r-i/y Vi*^ IttC 0.10-0.20%, Si 
0.7 5 % J^T, Mn 1 C r 1 - 2 %, Mo 0.5—1.5%, 

v o. o 5-o. 2 %, t i 0.05% &t tf >r K;ia$t£^-r 

SC r - Mo - V^^«fc y 4 U^„ 

$ 2 Htt*&«#»tc @IE»»r®B. 
H 3 BUi5iaR3ft«fc N i itOiiS^tiS. 

$ 5 mte&mm&t n i it <DM&z^-tm®o 
m 6 0«fis®fMi4i: n i mt<DM&**-tumo 

I7@ttFATTi:N i * t <Z>|»& & ^"T $1®. 
!8IliFATTfcN i * & ^"T itt 0. 

fll 9 HI it i€S f <£ JE - * 1! si # - tT > (D ffi 121 o 
0 1 0HiiiS^{£JE-^M^^^-tf>ffiD-3t + 7 h^¥®0o 

mi imi*m^&~-¥ymMm<Dmmm 0 

m i 2 mitm%,* -¥ym&ma>=-u-*?m y^-jvpm&m&nm 

mi 3iatis«?&aitcj:*3tf^^-tr>©iaiEau»rffiH. 

So 
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mmm i ) 

\*y t4tt^*t»*t53>/t>f > Kism-tr-f *;i/*c;fe^TttJMlna 

A. 

X&»»Ufc*jji$UiRI& < 7 s w X# MoT* - fc? 

*-?£$lZ&M.0)&mm<Dto%&3 1 , 3 2 «fc tt^gp 3 1 

<b<n&%,&m^mffiittfi&.^<DT*M 3 ©coy x^i/Sr^ai-rsoKiffl^, 
m&B3 2 ^e>©s«tttt«au 3 i «fc y*Tff»fli*«-jK< J: y fcauB* 
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8 1-8 3St;^U-K5 1-5 3 ^^S^IBMUT^^^tlfc^r^yt 

t.85, # - tr>n-^ i ^laotw^tin^. 

*-kr>D-*i«3fl©*-kr>x«f;*#ii, 12, i 3Xtfx 

5 s >f XV (DftmiZlZZTl'- K5 1-53 Wt^ilt^5S*\ 5^ 7 
# > h fc? -X 3 3 =&^UTJ£«i«in-^ 2 ^Jg^^tlTfey , «I^tC J: 

*>^£#lricCfc^T, Mtg^JE«!g£*l££^£^T^^8 4 t? 

V&m^&tKDttmifXCDfrjj* 2 2 - 2 5ata x 1 5 0 0°CiC 

-f<S> D - * 2.5m @^<Z)**X^ - tT>^t) 4 0 0 MW£t± 

tf>»;fr#fg±T* Kf^APCD^7ffi^^a««aS:^^ 1 2 5 0- 

1 3 0 0t, 2 Mi® 9 5 0- 1 0 0 0°C^CD|^^M^ (ii^CT)^** 

mx~8 5 0-9 o or) zM&*>frizMx, f&nffiiz*ti?timfi(Dm 

1.5% (»6 0 0 0 kW) 1.2% (5000k W) 

*fe^®r*r^C0JE^7 & 2 2 - 2 5ata {Z? Zfc 6b IZ it, J±*?8ifc£ 2 2 

mw;<Du-ztt (w^ta^4 5o°c) zmm-rzm&iztejzfmmu 
*mmmizjs^T, mz~x>x$ v*>v#j\sb 5 4 , =3>^u>y 
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2 6 

5 i iiN i KjB'&^^miisftWJSW'e* y , SST'C r 4- 1 0 %, 

Mo 0.5 — 1.5%, W 4 — 1 0 % , R e 1 — 4 % , A 1 3 — 6 % , 
Ta4-10%, Co 0.5 ~1 0%StfHf 0. 0 3-0. 2%Ht 
<E> N i S^T*«^tS. Wm^ly- RiXasflSSHfr'b*:?^ 
{C&Hl/fcX8BS2 1 3 Omm, ^£7D^ftti^j 2 2 0mm-e&£ o 
i^it^cT) 1 0 5 H#fia 1 4kgf/mm 2 fi^ « 9 3 0 — 9 4 0 °C T* 

a o t x © j*j c » # «b n fc % $c co a & & a o r s # ^ 5=- a jv c m 
fc©^* 5. xmngskmrnmiz 1 2 5 o~ 1 3 5 orr* 

HM^S^ 1 0 0 0—1 10 0°C25.t/8 5 0- 9 5 0 o CT*<£> 2 ®l$ 
^Ji^m^ /tmJKT0*S©y' *I £ 5 0 — 7 0 7? 

J XJV 8 1 'ttSJS^U" K 5 UyCriSl-3%|<lfet 

^mfiWtcfe^StOS^L/- K5 1 tt^(*:At#3!gft7»&*^* MSB 
2 1 JKfl.©^* y# 24i:^^f^l'26 Sfi^ittSZ: fcti^^So 

2 4 RTf#7'rJ JV2 6 ^fcfcHSI*, i#&*«§Si:t5Cfc, Xtt 
2 4 8P^iC«l@A^aLfci:Stc?&i|ia«&H«>rS«fti:-rs 
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2 7 

gi 2 S^b- K 5 2RTfM 3 ^^L/- K 5 3 te. ^-ftV^M-eC r 
5 ~ 1 8 % , M o 0 . 3 ~ 6 % , W2-10%, Al 2.5~6%, Ti 
0 . 5 ~ 5 % , T a 1 ~ 4 % , N b 0 . 1 ~ 3 % , C o 0 ~ 1 0 % , C 

0 . 0 5 ~ 0 . 2 1 % , B0.005~0.'02 5%, Hf 0.03 ~ 2 % , 

r e o. i ~ 5 %zm-?2>-j>fammfeWi&N i *@-^^-e^^-r^ 0 

1 4kgf/'mIn , (DMMmSti 8 4 0-86 Or-efe&OiWS; UV^ 
i?<D?\s- \?mmiZ&m&T*A 12-5%, C r 2 0~3 0 %RXfY 
0.1 ~ 1 %$r^tj 4 N i iXfiN i +CoS^iA^*^i^|| 
fb14iJE#ffl^TT^7X7^»t:<fcot 5 0~ 1 5 0 n mCOff^f^^, 

ffifliCfUt «o4x-5o ^"/x^^tCti^-^^^ >$r*-r^)o I3S7U- 

( 
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2 8 

(c & 2p?L tfHiicfS: tt^> ti r o s „ 

/mm 8 ©iMSgte 9 2 0- 9 4 O^&S. ^D-XK 

tt*>nz> 0 z.niz x mmxmiz mm y , M4>tiso 

-2OO/jm0?^D ^^^ScD^iCiSS 1 0 mJ^T««^^^*-r 
S 2fi«3t©ft^r H |a^$:*i-'2>Y 2 0 8 1 0 roJ^T^-g-ti^^^^^zi 

-7« =&s*{cj; or i oo~2oo ft momzizntf. s<~-X&M£ 
i?jvzi-Tm t<Dm<Di&&m ^^Kiiit-A 12-5 

%, Cr20-30%, Y 0.1 - 1 %^t^»N i XttN i + Co 

%#fit=fe,o 0 #^it*m i i 50-120 o°cT«mmt® ! m'&, 820 

~ 8 8 0°C-e 1 ©B#3M3l<7)J^M#^3ft& 0 

M 2&J XJV33J:ZfM 3 my X;WiM*Tr, Cr2 1-2 4%, Co 
1 8 - 2 3 % , C 0 . 0 5 — 0 . 2 0 % , W 1 - 8 % , A 1 1 ~ 2 % , 
Ti 2-3%, T a 0. 5 - 1 . 5%&tfB 0.0 5-0.1 5%£#;g"t 
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2 9 

<£><> 3tl«D©^3N-0 1 0 5 8$HQ 6 kgf/mm 2 ©iS^aStt 8 4 0 °C~860 

ffl-rsflutsrwrs. *ni«icfe^ttt 2^<d^->^-9->t k**- 

(7) /< - > CD l% i* tlT* % oT|g T* & £ o 
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3 0 

Z±tmm# 3ISTtf»ffc5~.3 0cm/hT?**--*8PJ; U 

2^St/3®^^2-bf>^U- KttN i S^^A^ftS-^lqlli 
TtfiiStf>3 0~5 Ocm/h-e-^fRl^H^-tir^ZliiC J: D 

f t?^^-fb^S i: Hf^S * ft ^ «HK £ WW? £ o 

yuv h *mM\s. n&wmmizm&fr, mmco-^u- ^ tmm 

-^^Mft-^iRj^au n i &&&fr*&&mu&m&fr>bte2> j 
xjvtLtz.* z.<d; Xfritv j Tt-jimoimm&m-tfm 7 4mm, m 

£ 1 1 Oram, m*>m^fflft-e 2 5mm, 03*^3 ~4mmTN 
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3 1 

KS^UJg; x;i/©^|N i i^^oiajt^i) : sc, few. 

f a :DS, ^ttH : CC) . 
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-f So *IB!UM#5 9 on-eiiSfi^CD^^tf (SI 385$ 2 2: 1 0 7.5 
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#&^ e mmff<T<D3kftiz3$^T&&m (##^i 3.0% , «y 

^30.0 %) &»J£LT^&. 
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*&w\z.&&m<»'*-*7~r4 Mtaa&ti 900-1 oo o°ctc-r§ 
&or u*e>. i o o oTc&ajJu&fift-^ttKn* y-:/ 

6 3 0°C~7 0 OtJCt^^SA'ifeS. 6 3 0 < C*»'£tti«^«tt*»# 
p,iif, 7 0 0 TC 14* U €>*i&^. 

y-^«»aft*tt9^/v>^ 9-«6-e*»fc 5 3 8*c, io s h ss«T? 

8 8 kg/mm 2 J^Ji, 0. 2%fi^7 Okg/mm 1 ^!, FATT40°C^T, 

mm&u^*j\'*?~tfijamwi'&T*^irti*) 2. 5k 6 -m &±rw y - 

:7i&»r5fi&#fc<J 1 1 kg/mm* JB*J:£:i*<* ifiS *ffiJE-#S! * - tf > n - 

# t isT&t>ibTmmi*&2> ktAs. 33.5 >r>^*jc'**t 
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No. 7 ~ No. 1 2 *ft-?ft, ^±^76^ ( L a - C e ) , C a , 
Zr, TaXt/AliMT'feS^ £ft «5>©7D**:tfl£ J: »J Wftrttft 
-fcfS. 4#tC#±«7C*0*iD^«B*t|ft±K:^Sft7»fc4. La-Ce© 

T 

O, £ 1 0 Oppm£*T{C-T££ tlCj: U ftf 1 2 kg/ram* J£*±£>SS 
8 OppmJ^T-e 1 5kg/«m*J£t_ht?, HlC4 0ppm 
J^T^l 8kg/mm a _h£> j« U - 6 tl& . 

5 3 8t; t 10 s B#M^ U -^agWrSfiKH, NiIjS?*jpt5i:oti 
TfiT«lRjfca*L, <8fC, Nii*t2%^Tt*ttl5l 1 kg/mm 1 &±<D 
m&Z&'to 1.9%J^T7?{il 2kg/mra 2 J£l-t ftS. 

N i 1.52-2.0 % £#t/4i>tf)CDMn/N i 3U2( S i + Mn) 
/N i J*i:0)BB«&W<fc*SJL Mn/Niifc#0.12 J^Ts Si + 
Ma/Nift^0.04~0. 1 8^2. 5 kg- m &±<Dm V*®S8« & ^ 

*BBJ{C^^m®^-X^^-'f MbM^tt8 7 0~ 1 0 0 0°Ctf#£ 
bv^o W ^ ^ U -^WWSftflESrWSCti 870-1 000 °C 

J»KUfi&fcm^»ttfc# U &#*tc 6 1 0 
n~ 7 0 0 °C##£ 

§ias, «*&r;«^^ u-^«wf«»«g*A^, 2 o*ct? 

KMt*tt^;i/y > $ 5 3 8°c, 10'h asaf-e^ufe. 

mfr*>m*>fr%:£5lZ$iftWttlZ. £&cZ>9l&!£3rf 8 8kg/mm* J^_h, 
0. 2 %»^7 7 0kg/mm*J^_fc, F ATT 4 0°C«T, 
-J^iP»W«^^i'n*» 2. 5kg-m JK±atf^ U-^«WMflE*«l9 
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1 2kg/mm 2 &±tm<. - fcTvn-* UT§fc«) 

tfft'festfi^ It:, 33.5 J y*mm*mwi-t&z-¥y 

U-ZtftLZltmi 5 kg/mm 8 &±0)&m £ -5 & CD#£ 

JgiC, (N i /M o ) Jfctfl . 2 5 MAlRTS (C r /M o ) tttf 1 . 1 
J^_h, 3Ui (Cr/Mo) Jttfl . 4 5 J&1±, (Cr/Mo) Jfctf 

(-1.1 IX (N i /Mo) +2.7 8] IC J:ot*4!)^il§I£l±i 
?Z>Z£HZ£ y^SiUMfctSifcCJ: U 5 3 8°C, 10' ^ 
U -^flEWatg** 1 2kg/^lm , JB*±<&K^gft£##P>:fi& 0 
gg 1 0 0«^^l^(C^^igtfj^;H-#:MD-$ i/t7h3 ©^^^^ 

£a»£ES»*OT, *t£&Ofc„ ftV^, 9 0 0- 1 1 5 o°cv»*m 
Sl.7m , 8 mtC«Jt U, S&ffifl! 1 6 £ 9 5 0°C, 10 

*JBE • &J±W 1 7 & 8 8 0°C, 1 0B#Win*&«J*Ofc«, ^^SPt'lt) 
1 0 0°C/h i: J: 3 £ S> -V7 h Sria<6L3&««e>*i»Jt?&jfiPXti*ft» 
C»atS*T«-3fe. 1 16H50 °CT?4 OB#W, tf»JE 

• 1 1 7 & 6 2 5 1C-5 4 0 1$ Mill & ft ft <Z) ft £ L & ff o fco 3 CD 

rmmm®. mmftomm&o. sen*) , §i»«*&f5ofc. is^s 

encss-r «t e> (ciSJEffla i r6Stfifff'fi)Ei!i 1 7ct)^-^u- 
K©«a*«pi 8®##fa©fifcraHttt&a$<0fc8y-i?&$. 1 gun 
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J: Uf&SI-r*. i*l6<3D#»© 1 0 6 B#W 1 4kgf/mm* ©jMfi^ 
tt8 4 0 , C-8 6 0rt'fe5, K^jfiCtt* CrjfciHttAl® 

X;i/8 1 &Cl±**T% C r 2 4 — 3 0 %, Ni8~l 2% W 

6 — 9 % , T i 0 . 1 — 0 . 4 % , C o 8 - 1 0 % , C 0 . 2 — 0 . 4 % , 
B 0.0 0 5 %J^T, Fel.0%JKT, Zrl.O^T, NbO.3% 
$kf, Hf 1.0WT, Ta2.0%J£(T. & «fc tf^^f *Tig£>**» 

C o ^ t & S C o SS^^^f liM (^WIII) &/8^£o 3 
0 8 B$fffl 6kgf/mm a ©ifflfittt9 0 0r~9 1 0°C^fe-5 o 

y > ss$i#e#5 0-200 ^ m<z>v? o«»a«ft 

1 0 m mJKT©tt«a&^fr* 2«^3t£7)«JK^iffii^$:^-r 
-5 Y 2 0,£^<fb^;i/n^TS ZMMIZX^T 1 00-2 0 0 // mtf)J¥£ 

Ittlit'Al 2-5%, Cr20~30%, Y0.1 

«jn ixhn i + c o*»e>45^e>**jiwi'e*4. 

^tt^fqJ_h^-Hr<5^^:=b#f-&%)-3o 1 1 5 0- 1 2 0 0°CT* 

S&ttfc&Sft* 8 2 0 - 8 8 0°CT» 1 

- IS 2®>> X;i/2 5 & &TfM3mJ X)V2 7 CttMT?* C r 2 1 - 



( 



WO 99/31365 PCT/JP97/04609 

6 3 



24%, C o 1 8 ~ 2 3 % , C0.05~0.20%, W 1 ~ 8 % , Al 
1 ~ 2 % , T i 2 ~ 3 % , T a 0 . 5 ~ 1 . 5 % , B0.05~0.15%, 

B#HQ 6kgf/mm a OSfMfi&tt 8 4 0°C~8 6 0°C-efe£ o #tt3fi**tC<fc 

CO.05-0.2%, S i 0. 5 % J£*T, Mn 1 %JB*T, N i 3 % 
JE* T , C r 8 ~ 1 3 % , M o 1 . 5 ~ 3 . 0 % , V0.0 5~0.3%, 
Nb0.02~0.10 %RXfN 0 . 0 2 ~ 0 . 1 0 % £ ^tf<£glBt L V JV 

0>#tt«:» 4 5 0°C, 10'h ^ y-^WWfSift^5 Okgf/«a"JK± , e 

fey. ii&stf;*.* - xymttt i/T^5&»«tt+^»Jit4. 

JgJUiOfcifcK: j;ot, Iff El C.J: U , 

a ^ - if ytfnibti. ®mz-\syj ^aoa'xa y p 

mmtfi 5 o o°c, 30«*-if v^u- K©^3iji/ii^9 2 o°c, # 

X&-£y<DW1$XM.miZ6 5 ortrfey, ^iWLHVW* 

3 7 %&±cD38m;s;tf** - xytfm&X'gzt kbiz, mmvH h v 
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xmnwttmmm i -30;#x* -tr>K:ft^.TJKT<5!>s#*^r-r* 
*mmm\z&tfz>i37s* - tr xosoa^i/- k 5 1 njg^j 1 ^ 

&|iH'&fl*at&#U N i 3£jB^^©-*lRl«IHftttft»«-?»&y . ft 
T 4 Cr5 - 16%, Mo0.3 — 2 % , W 2 — 9 % , A12.5 — 6 % , 
Ti0.5 — 5%, Tal— 4%, Co8-10%, CO. 0 5— 0.15 
%, BO. 005 — 0. 02 %, J:tf»«5:F?ir»c?>**fi4fci:N i «b & 
SN i S^^^-e^^-T&o flJS'T'U- K 2 2 0mm-e£6 e 

^CO-^lpJ^Ha^ffi^^ICO 1 0" Uf^l 4kgf/inm J 0DWMMS«890 

t-j yfm-tfmmm 1 hmmzmv -^^mmitmmm^ y nw 

1 2 0 0 - 1 2 8 0r-e*#ib«iaiS:J6Lfc«, 
1 0 0 0— 1 1 5 0^^1/8 0 0- 9 5 0°C^£> 2 ©Bf^&^JgtfM £ tl> 
-SOSST* 2 /imaT®7 ' *B£ 5 0-7 0 #;«%#?& 2 n&„ #tc 

mv>4Mmmz*>%, mm, mm^m^, m^^^mm^^-D. 

M JiS*T» A 12-5%, C r 2 0 - 3 0 % , Y 0 . 1 - 1 % £ 
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flPN i XttN i + C o*4ftS^A^e>&4. 
M2&J X)V2 5 feit/I3i;X;i/2 7 feUffift! i tnm. lit*, 

C r 2 1 — 2 4 % , C o 1 8 — 2 3 % , CO, 0 5 — 0.2 0 %, Wl- 
8 % , A 1 1 — 2 % , T i 2 - 3 % , T a 0 . 5 — 1 . 5 % , BO. 05 

~ o. i 5 % » is ^xmn^^Moy^nm t n i *»e>&*N i 

X;i/JC»iWAtt*i««)*fc«>K:a*"T?A 12-51 C r 2 0-3 0 %, 
Y 0. 1 — 1 %£##»?MN i XttN i+Co *> «b «: & # & & U ^ 

£t\,£ e £*HD©*m© 1 0 e B^W 6kgf/mm a (Dffi^Mgtt 8 4 Otl- 

8 6 o°c-e&&„ 

# - tT l 2 , l 3 jcttHJB^J 2 fcl^EHcMSr'e, co.os 

-0.2%, S i 0. 5 %JKT, Mn 1 %J£l"F, C r 8 - 1 3 %, N i 3 
%J£AT, Mo 1.5 — 3 % , V 0 . 0 5 — 0.3%, Nb0.02~0.2 
%, N 0. 0 2 — 0. 1 %RTfy%%f>tfM'ff.&3fc F eA^^5iiMl/7^ 

7.Z - bftfrbt&&}&tfM^&ntf'Z£Z>o 
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^^AU nai^ l 3 5 0°C, -\±y?v~ K©^ ^;ns^ 

8 5 o°c, - tr>cD#if^a^« 6 o o°c-e& y, femmfczx* 
<d m l ^ #x * - tr > ^ « £ #> r ^s&^6D ip]± mm & & tf> 7? & -5 c 

MM^LHV^T' 3 7 %£Uitf>$§1t«#;*2 - tf >^jS^T*# 

o 

(§U£0>|6) 

n i 6 mit*mmiz&2>xx# -tf y<D^%^m^ut & - ^ymm 
m&mmmx&Zo ¥ymmi%w>mmtn 2m£&&m-T*&z>o 
m^^tix^fjt^i^^mmm^^^^^^^-^ycD^^m^.it^MB 
mm, %a® i &Rtf$-¥yzm?z> e mk, p*H&gp&^ ux *-tr> 
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— K 5 i «jE»;£ftfc3SC#* - £>^>r i i cD* 

I^lU, X^-itl 8£P#£MoT, ^ U - K P*»JC« £ ftfc#£P 
*L&j8oT*<Z)$g«4:*«P<& hi/ - U > 7ffl «fc U &ffl 2 ft £ £ £ £ <fc U 

^ w > <t Jewess a J: e> fc^^^^$ti§ 0 « 2 m 

^u- Krt-«PJc»we»ftfc?&si?L*aior^fe««p«fe y#ais*u ?&£P£ 

ft& 0 fg3@^l/- K5 3 Ctt»ap?ll*&^#, #-fcf>-^>f X ? 1 3 

we>mmisx££*>tz&$&mutf>( , 5Kw* ^ zx^mm.^mm.^ ft. 
*mwcfc^55!-tr>f^^^ i i, 12, i 3 izR^&wftt 

LTMl 2miZjF?1&j8. (fi%) CDK»&*ft*ft2 Okg»*?L, 
1 1 5 0. , CtcanJ»O»jaUTiSEifc*#i: Ufe. £tf>fit**fC, 1 1 5 0°C 

x*2 hmi&'&ffim#imzn^, 1 5 o°cT-it&, -e^i&s^ 

U 5 8 0°C-e2 h^&^^tf) 2 acttKU&fJH* ft^T*6 0 51CT*5 

^•$r5 0 0°C t 1 0 0 OI^Ma«Slift^K:o^Tt7ofc. Z<DM4ttflt 
• ^ - % X »J 4 5 0°C-e 1 (T BSM&iaftSftfc 
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I12K 



No. 




c 


S i 


Mn 


C r 


N i 


Mo 


V 


Nb 


N 


Mn/Ni 


Fe 


1 


0.12 


0.01 


0.24 


11.5 


2.75 


2.0 


0.20 


0.07 


0.05 


0.08 




2 


0.10 


0.02 


0.38 


11.8 


2.09 


2.0 


0.29 


0. 05 


0.07 


0.18 


// 


3 


0.10 


0.09 


0.71 


12.0 


2.41 


1.9 


0.29 


0.04 


0.06 


0.30 


// 


4 


0.08 


0.15 


0.82 


11.9 


1.62 


2.5 


0.27 


0. 06 


0.07 


0.51 


// 


5 


0.09 


0.09 


0.84 


11.8 


2.10 


2.3 


0.35 


0. 05 


0. 07 


0.40 


// 


6 


0.10 


0.04 


0.15 


10.9 


2.51 


2.4 


0. 19 


0. 06 


0. 06 


0.06 


// 



m i 3 mtez.n%m,n<DmM#)&K*^-f 0 n 0 . i jt/ea, • 

- My"rA XVtt £ LT^Jfc-£tl& 4 5 0 °C, 10 B h #y 

-•j'mmmm o 5 0 kg/mm" )Rxfmitmmm<o 2 srv; v 

¥-Wmm [4kg-m ( Skg-mcm^^Ji] £ + t 2> Z. £ #$ti§ 

£ftfc„ Mn/N i it#0. 1 2 J^_ktf)i^$i (§*# 3 — 7 ) 

ffi«3.5kg-m J^Ti:<SV^%)<7)"e^ofco 
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m 1 3m 



No. 


(kg/mm 2 ) 


0. 2 %mti 

(kg/mm 2 ) 


# Zf 
(%) 


^ y 

(%) 


4 5 0°C?RW^^ 
(kg -mm 2 ) 


1 


112.8 


9 3.7 


2 0.9 


6 3.8 


5 4.5 


2 


112.0 


9 3.3 


19.6 


6 0.1 


5 5.1 


3 


113.5 


9 4.3 


19.5 


5 9.9 


5 4.1 


4 


110.7 


9 2.9 


1 9 . 5 


5 9.7 


5 5.2 


5 : 


111.7 


9 3.6 


19.8 


6 0. 2 


5 4.3 


6 ; 


113.9 


9 5.3 


2 4.8 


6 1.1 


5 8.1 



(Mn/Ni) Jfc'tfO. 1 1 J£iTT*ftl'fb^^^:^B$c#^ tL, 4kg- m 
( 5kg-m/cra*) JW_ti: & U , SCO.l 0 6 kg- m ( 7 . 5 kg 

MnitWLmMRTfWLffiMtL It^^t^^^O-efe y , 0.05 
~0.2 0% ft&<Dtf& £. L^o iWWttliNii^ 
2.1% ^TT*{iMnI§i"it3fc(:j: y ®^«A^^F fa±-? -5 
N i * 2. 1 % ^jg^fc-^S^-f & Z. tiZX VMn Z kiZX 

IC Mnfi#0.7% #5£T*«N i *lC<fc«o-r»^«©^#«#P ) 
ft&^#, MniH.6% #T(crfttfMn*jWH;^ia£ N i Mtf 
2.4% JK-fe«««)JS^%(7)^#e>*l*. 0. 1 5~0. 4 %<Z) 

Mn#-??«2. 2%J£U:0>N i ST*®i&&CfaJiU 2. 4 %JS*_fcT*6kg- 
m ( 7. 5kg-m/cra') &-h, S5tC2.5% aifflNiit'li (7 kg- 
m /cm' ) J6A_t <Z) m ^ « ti £ . 

4 5 o °c x l o 8 h # y - «\ n i 2.5% ttiff * -e 
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izmmizifLtAji£mwit%^tf. 3.0% 1 5 0 kg/mm 2 &t® 

0.15-0.25 %#j£"e*'bSft^bSix v S&Ogfi£##£*l<g>o 

g 1 2*0No, 1 <Z)^#JliJ«i:a«P5-©«©»»**-4f>H^itt 
USstCTf?^ 1 0 5 0rt»2hMt> 1 5 Ot!<3D»*{C«8 

AtlU, SJc^t'f(5a^?) 5 2 0°Ct? 5 h2fl3&££J'fr;&tf 5 9 0°CT* 

5 hmm'&P&nMML fro fee £0>-5*-f xvizftm IOOOm, jft 

220 o«m-e& y , 3»*aa«HK:^'r^«tc««iiDx Lfc 

& $ - 1 1 , 12, 1 3 {Cjfl^fe. *'frSBtc 

3g«ii8. Okg- m ( 1 0 kg/cm 2 ) &tM 50tXl 0' B#fl9# U - ^ 
?S$r5figtt5 5. 2kg/mm'-e& y , «nfc#tt&*T OT^fc. 
IS l 4 35ti#£i6fcl0>:tf.** -hT ><D«-«B , *ftcffl^fc*#»tt^ («* 

%) ^r^-r^co-efe^o ft, mi 2mzijk-ttfn&y T j > 

mmizx y *jku mm. ♦ a&*sa&ffofc. mitiis 5 o~ 1 1 5 or 
<z>mmmmtoT*s mmmzn 1 Amzm-t &#/t?f7ofc. £*i&*mcD 

Bt&ttlBttt*, No. 1 0-15^j|IL7;i/f>t^ hifit, No. 
1 4&tfNo. 1 5MiMU-t>f No. 1 Ott-rw 

S tf-X&tfNo. 1 1 S^^c7)^>^b^-9--7 r ^>!.^iC^ML, 
fu#W:ff£ 6 OmmXiJ® 5 0 OmX^$ 1 0 00 mm, 1000 
mm, 1 8 Omm, No. 7 li^-f £ £ LTii:# 1 0 0 OmmXj^£l80 

mmC, No. 1 2 itX^-V t It^g 1 0 0 0mmX[*l#4 0 OmmXJ¥£ 
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1 0 OmC, No. 1 3 \±& - tr>, of ft y 

3r ><?#Ol/ h LTg§4 OmmXft£ 5 0 Omm. No. 1 3 <£>#i&J10 

h^iSisufeo No. i 4^1 5 te^ft-^ft*-^** vik 

Zfzi yfUvy—X* Zfi/^y h UTi£& 2 5 OmnxftS 3 0 OCi 
#Ufe 0 JSC, No. 1 4 n ytf-^-f * * 6 © 1 3~ 

i 6 mzQim no. i 5 CD®!* n y-jv v^-'f^ 6 o)wmfr*> 

SStcUJiLfc. t*lfcjm^*Q!3im> SS£|-<Z)*4>g|S#fr»D, No. 1 3 § 
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*Bi©No. 1 0~1 3 (1 2CrH) 4 5 0°C, 10' 

h # U -t/»Wf3ftfl£**5 1 kg/mm* 2 0 TI V J v -v;t/tf-« 
H«^7 kg-m/cm 2 JK±"(?*y^ -tr>M*mfc 

ft &C 2/^:7 N CD No. 1 4&tf 1 5 tlx 4 5 

u -zfmm&mt&^tf. mmmztfs 6kg/mm a &_t, 2otv;>v 

^>^;i/^-»Sgffi#7kg-m/cm 2 J^_ht?feU> * * «V 7 N L 
T^»&3ftfl£ 8 lkg/mm s , 2 0 °C ^ v * is -v ;i/ tf-Sf«E 

«^ 5kg- m /cm 1 ) fc+^M-T & d fc^flfc»S*tfc. 
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>>X;i/, i>rL^^ Kir^^ > h, -V "7 ^ AttSg 1 6 
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&,±<Dmn<^m.^t>^{z^^xm^ht^%moyisxv-\^y\ts m 

fe&*J 1 5 OMW, M@1gt3 6 0 Orpm, Mtt 3 . 7 , ^0©^ X;i/ 
AOCD^XlSi 1 2 6 01CT*, 34.5% CD&*3&^ (LH V) 
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in* 



No. 


C 


S i 


Mn 


N i ' 


C r 


M o 


V 


N 


F e 


1 


0.11 


0.20 


0.70 


1.67 


11.70 


3.03 


0.20 


0. 101 


mm 


2 


0.09 


0.07 


0. 10 


2.59 


11.49 


1.99 


0.20 







&tf5 3 8°C, SJ&J&fm0>S8flS<*tf3 3. 5 >^T*&£ 0 



#fg«8fc ^titf, # -kT>y X;i/AU niBI 1 2 0 0- 1 6 5 0°Ct* 
£&£n-*;>-¥:7K **«>fl/- K t (D j6&-£-frfr£fc&i« Steffi — 

yrt4 y KiI^^fA^M-?t^. 
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